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(57) ABSTRACT 
A spark plug for an internal combustion engine is provided 
which includes a housing, a porcelain insulator, a center 
electrode, and an annular ground electrode. The housing has 
a small-diameter portion which has a smaller inner diameter 
and defines a front end thereof. The ground electrode is 
secured to a front end surface of the small-diameter portion 
and forms a spark gap between itself and an outer periphery 
of the center electrode. The ground electrode is smaller in 
outer diameter than the front end surface of the small 
diameter portion. A annular weld which joints the ground 
electrode and the Small-diameter portion is formed in an 
annular boundary through which the front end surface of the 
small-diameter portion and the base end surface of the 
ground electrode face each other. The annular weld continu 
ously and fully extends in a circumferential direction of the 
ground electrode. 
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SPARK PLUG FOR INTERNAL 
COMBUSTON ENGINE AND PRODUCTION 

METHOD THEREOF 

CROSS REFERENCE TO RELATED 
DOCUMENT 

0001. The present application claims the benefit of pri 
ority of Japanese Patent Application No. 2015-179705 filed 
on Sep. 11, 2015, the disclosure of which is incorporated 
herein by reference. 

BACKGROUND 

0002 1. Technical Field 
0003. This disclosure relates generally to a spark plug for 
internal combustion engines which has an annular ground 
electrode disposed to face an outer circumference of a center 
electrode, and a production method thereof. 
0004 2. Background Art 
0005 For instance, Japanese Patent No. 5075127 dis 
closes a spark plug for use in internal combustion engines 
mounted in automotive vehicles or cogeneration systems. 
The spark plug has an annular ground electrode which faces 
an outer periphery of a center electrode. The joint of the 
ground electrode to a housing of the spark plug is achieved 
by crimping a front end of the housing inwardly to define a 
spark gap between the outer circumference of the center 
electrode and the inner circumference of the annular ground 
electrode. 
0006. The above spark plug, as described above, has the 
structure in which the ground electrode is tightly held inside 
the crimped front end of the housing to make a mechanical 
contact of the outer periphery of the ground electrode with 
the housing, thus resulting in an increased length of a heat 
dissipating path between the inner peripheral Surface of the 
ground electrode which faces the spark gap and the housing. 
This increases the risk of higher temperatures occurring in 
the ground electrode, which usually leads to an increase in 
mechanical wear of portions of the electrodes around the 
spark gap, thereby accelerating the rate at which the size of 
the spark gap increases, thereby shortening the time taken to 
reach an upper limit of a size of the spark gap. It is, thus, 
difficult to produce spark plugs which have an increased 
service life. 
0007. The ground electrode is disposed inside the hous 
ing. The spark gap has an end located inside the front end of 
the housing in the lengthwise direction of the spark plug, 
thus encountering a probability that it is difficult for flame, 
as created by a spark generated in the spark gap, to grow, that 
is, a cooling loss increases in the spark plug, which will 
result in a reduced ability to ignite fuel in the engine. 
0008. The above spark plug, as described above, has the 
ground electrode tightly pressed inside the housing. It is, 
thus, difficulty to adjust the position of the ground electrode, 
that is, the size of the spark gap. Specifically, the accurate 
creation of the spark gap between the outer periphery of the 
center electrode and the inner periphery of the ground 
electrode requires increased accuracy in positioning the 
ground electrode relative to the center electrode. A variation 
in dimension or an assembling error of parts Such as the 
housing etc. results in a failure in forming a desired spark 
gap even if the ground electrode is accurately positioned 
relative to the housing, thus requiring the need to position 
the ground electrode relative to the center electrode. How 
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ever, in the structure in which the ground electrode is 
disposed radially inside the crimped front end of the hous 
ing, a great variation in dimension or a great assembling 
error of parts of the spark plug will restrict movement of the 
ground electrode in a radial direction of the spark plug. It is, 
thus, difficult to accurately adjust the size of the spark gap. 

SUMMARY 

0009. It is therefore an object to provide a spark plug for 
an internal combustion engine which is designed to have an 
increased service life, an enhanced ability to ignite fuel, and 
a spark gap which is easy to adjust. 
0010. It is another object of the invention to provide a 
production method of the above type of a spark plug. 
0011. According to one aspect of the invention, there is 
provided a spark plug for an internal combustion engine 
which comprises: (a) a cylindrical housing; (b) a cylindrical 
porcelain insulator which is retained inside the housing; (c) 
a center electrode which is retained inside the porcelain 
insulator and has a head extending outside a front end of the 
porcelain insulator; and (d) an annular ground electrode 
which is secured to a front end of the housing. The housing 
has a small-diameter portion formed on the front end 
thereof. The small-diameter portion has an inner diameter 
which is smaller than that of a rest of the housing. The 
ground electrode protrudes from a front end surface of the 
Small-diameter portion and has an inner peripheral Surface 
facing an outer peripheral Surface of the center electrode. 
The ground electrode has an outer diameter which is smaller 
than an outer diameter of the front end surface of the 
Small-diameter portion. An annular boundary is provided 
through which the front end surface of the small-diameter 
portion and a base end Surface of the ground electrode face 
each other. The annular boundary has an annular region 
which occupies a portion of a width thereof and fully 
extends in a circumferential direction thereof and in which 
an annular weld is formed which establishes a joint between 
the housing and the ground electrode. The annular weld 
continuously extends in a circumferential direction of the 
annular region. 
0012. According to another aspect of the invention, there 
is provided a production method of a spark plug for an 
internal combustion engine. The spark plug comprises: (a) a 
cylindrical housing; (b) a cylindrical porcelain insulator 
which is retained inside the housing; (c) a center electrode 
which is retained inside the porcelain insulator and has a 
head extending outside a front end of the porcelain insulator; 
and (d) an annular ground electrode which is secured to a 
front end of the housing. The housing has a small-diameter 
portion formed on the front end thereof. The small-diameter 
portion has an inner diameter which is Smaller than that of 
a rest of the housing. The ground electrode protrudes from 
a front end Surface of the Small-diameter portion and has an 
inner peripheral Surface facing an outer peripheral Surface of 
the center electrode. The ground electrode has an outer 
diameter which is smaller than an outer diameter of the front 
end surface of the small-diameter portion. The production 
method comprises: (a) preparing the housing having an 
annular protrusion which is formed on the front end surface 
of the Small-diameter portion and continuously and fully 
extends in a circumferential direction of the small-diameter 
portion or the ground electrode having an annular protrusion 
which is formed on a base end surface of the ground 
electrode and continuously and fully extends in a circum 
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ferential direction of the base end surface, the annular 
protrusion having a width in a radial direction of the spark 
plug, the width being Smaller than a width of an annular 
boundary in the radial direction of the plug, the annular 
boundary being a boundary through which the front end 
surface of the small-diameter portion and the base end 
surface of the ground electrode face each other; (b) an 
assembling step of preparing an assembly of the porcelain 
insulator and the center electrode and then install the assem 
bly inside the housing so as to have the center electrode 
inserted into an inner periphery of the Small-diameter por 
tion; and (c) a joining step which is performed following the 
assembling step. The joining step places the annular protru 
sion in contact with the base end Surface of the ground 
electrode or the front end surface of the small-diameter 
portion and then performs resistance welding to join the 
ground electrode to the Small-diameter portion. 
0013. In the spark plug as described above, the outer 
diameter of the ground electrode is smaller than that of the 
front end surface of the small-diameter portion of the 
housing. The ground electrode is welded to the front end 
surface of the small-diameter portion of the housing. The 
ground electrode and the housing, therefore, face each other 
in contact with each other in an axial direction of the spark 
plug. Specifically, the ground electrode and the housing 
continuously and fully contact each other in the circumfer 
ential direction of the spark plug, thereby ensuring a large 
area of contact and shortening a heat dissipating path 
between the inner peripheral surface of the ground electrode 
facing the spark gap and the housing. This enhances the 
release of heat from the ground electrode which is exposed 
to combustion of fuel in the engine and heated to high 
temperature to the housing mounted in an engine head, thus 
minimizing a rise in temperature of the ground electrode, 
thereby reducing mechanical wear of the inner peripheral 
Surface of the ground electrode, which retards an increase in 
size of the spark gap to obtain a desired service life of the 
spark plug. 
0014. The ground electrode projects from the front end 
Surface of the housing, so that the spark gap is located 
outside the front end of the housing in the axial direction of 
the spark plug, thereby avoiding contact of the flame, as 
created by a spark generated in the spark gap, with the 
housing, which usually causes the heat of the flame to be 
drawn into the housing, thus resulting in a failure in growing 
the flame. In other words, the cooling loss of thermal energy 
required to grow the flame is minimized to improve the 
ability of the spark plug to ignite the fuel. 
0015 The spark plug is designed to have the ground 
electrode which faces the outer peripheral surface of the 
center electrode and is welded to the front end surface of the 
Small-diameter portion of the housing, thus facilitating the 
ease with which the ground electrode is positioned to the 
center electrode when they are welded together. Specifically, 
when the ground electrode is welded to the housing, it is 
possible to move the ground electrode along the front end 
Surface of the Small-diameter portion of the housing to fix a 
desired location of the ground electrode relative to the center 
electrode regardless of a variation in dimension of the parts 
of the spark plug, which facilitates the ease of adjustment of 
the spark gap between the center electrode and the ground 
electrode. 

0016. The annular weld continuously and fully extends 
over the annular region which occupies a portion of the 
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width of the annular boundary through which the front end 
surface of the small-diameter portion and the base end 
surface of the ground electrode face each other. In other 
words, the annular protrusion which is of a complete ring 
shape and used to make a weld between the Small-diameter 
portion and the ground electrode is formed to fully extend in 
the circumferential direction of the ground electrode or the 
housing. The annular protrusion has a smaller width than 
that of the ground electrode or the small-diameter portion, 
thus equalizing distribution of electrical current over the 
entire circumference of the annular protrusion in the annular 
region during the resistance welding, thereby ensuring the 
stability in welding the ground electrode to the small 
diameter portion, that is, in positioning the ground electrode 
relative to the center electrode to achieve a desired size of 
the spark gap. 
0017. In the production method of the spark plug, the 
joining step is executed after the assembling step. This 
enables the spark gap between the ground electrode and the 
center electrode to be adjusted in the joining step. It is, thus, 
possible to complete the adjustment of the spark gap at a 
time when the ground electrode is welded to the small 
diameter portion of the housing, thereby enhancing the 
accuracy in adjusting the Spark gap and also facilitating the 
ease of Such adjustment. 
0018. The joining step is to place the annular protrusion 
in contact with the base end surface of the ground electrode 
or the front end surface of the small-diameter portion and 
then resistance-weld the ground electrode to the small 
diameter portion. The resistance-welding is, therefore, made 
only at a circumferentially extending portion of the width of 
the annular boundary, not the whole of the annular boundary 
where the Small-diameter portion and the ground electrode 
face each other, thereby facilitating ease with which the 
entire circumference of the ground electrode is continuously 
welded to the small-diameter portion to ensure the stability 
in joining the ground electrode to the Small-diameter por 
tion, that is, in positioning the center electrode and the 
ground electrode relative to each other to obtain a desired 
size of the spark gap. 
0019. This disclosure, therefore, provides the spark plug 
and the production method of the spark plug which has an 
increased service life, an enhanced ability to ignite fuel, and 
a spark gap easy to adjust. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020. The present invention will be understood more 
fully from the detailed description given hereinbelow and 
from the accompanying drawings of the preferred embodi 
ments of the invention, which, however, should not be taken 
to limit the invention to the specific embodiments but are for 
the purpose of explanation and understanding only. 
0021. In the drawings: 
0022 FIG. 1 is a partially perspective sectional view 
which illustrates a region around a front end portion of a 
spark plug according to the first embodiment; 
0023 FIG. 2 is a longitudinal sectional view which 
illustrates a spark plug according to the first embodiment; 
0024 FIG. 3 is a plane view which illustrates a spark 
plug, as viewed from a top end thereof; 
0025 FIG. 4 is a partial section view which illustrates a 
region around a top end portion of a spark plug of the first 
embodiment; 
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0026 FIG. 5 is a partially perspective sectional view 
which illustrates a region around a ground electrode welded 
to a housing of a spark plug of the first embodiment; 
0027 FIG. 6 is an explanatory view which represents a 
positional relation between an annular boundary and an 
annular weld of a spark plug of the first embodiment; 
0028 FIG. 7 is a plane view which illustrates a front end 
Surface of a housing before a ground electrode is welded to 
the housing in a spark plug of the first embodiment; 
0029 FIG. 8 is a partial section view which illustrates a 
region around a front end portion of a spark plug before a 
ground electrode is welded to a housing in the first embodi 
ment, 
0030 FIG. 9 is a partially perspective sectional view 
which illustrates a small-diameter portion of a housing 
before a ground electrode is welded to the housing in a spark 
plug of the first embodiment; 
0031 FIG.10(A) is a plane view of a ground electrode of 
a spark plug in the first embodiment; 
0032 FIG. 10(B) is a sectional view, as taken along the 
line Xb-Xb of FIG. 10(A): 
0033 FIG. 11(A) is a partial sectional view which illus 

trates a ground electrode placed in contact with an annular 
protrusion of a housing in a joining step in the first embodi 
ment, 
0034 FIG. 11 (B) is a partial sectional view which illus 

trates a ground electrode being welded to a housing during 
a joining step in the first embodiment; 
0035 FIG. 11(C) is a partial sectional view which illus 
trates a ground electrode which has finished welded to a 
housing during a joining step in the first embodiment; 
0036 FIG. 12(A) is a sectional view which illustrates a 

first modification of an annular protrusion on a housing of a 
spark plug in the first embodiment; 
0037 FIG. 12(B) is a sectional view which illustrates a 
second modification of an annular protrusion on a housing of 
a spark plug in the first embodiment; 
0038 FIG. 12(C) is a sectional view which illustrates a 
third modification of an annular protrusion on a housing of 
a spark plug in the first embodiment; 
0039 FIG. 12(D) is a sectional view which illustrates a 
fourth modification of an annular protrusion on a housing of 
a spark plug in the first embodiment; 
0040 FIG. 13(A) is an explanatory view which demon 
strates initial stage of a joining step of a production method 
to place a ground electrode on a triangular protrusion formed 
on a housing in a spark plug of the first embodiment; 
0041 FIG. 13(B) is an explanatory view which demon 
strates an intermediate stage of a joining step of a production 
method to weld a ground electrode to a housing through a 
triangular annular protrusion in the spark plug of the first 
embodiment; 
0042 FIG. 13(C) is an explanatory view which demon 
strates a final stage of a joining step of a production method 
to finish welding a ground electrode to a housing through a 
triangular annular protrusion in the spark plug of the first 
embodiment; 
0043 FIG. 14(A) is a plane view of a ground electrode of 
a spark plug in the second embodiment; 
0044 FIG. 14(B) is a sectional view, as taken along the 
line XIVb-XIVb of FIG. 14(A); and 
0045 FIG. 15 is a partially perspective sectional view 
which illustrates a region around a front end portion of a 
spark plug according to the third embodiment. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

First Embodiment 

0046. The spark plug 1 for use with an internal combus 
tion engine and a production method thereof will be 
described below with reference to FIGS. 1 to 13. 
0047. The spark plug 1 of the first embodiment, as 
illustrated in FIGS. 1 to 4, includes a hollow cylindrical 
housing 2 (also called a shell), a cylindrical porcelain 
insulator 3 retained inside the housing 2, a center electrode 
4, and an annular ground electrode 5. The center electrode 
4 is retained inside the porcelain insulator 3 and partially 
projects from a front end (i.e., a head) of the porcelain 
insulator 3. The annular ground electrode 5 is secured to the 
front end of the housing 2. 
0048. The housing 2 has a small-diameter portion 21 
formed on a front end (i.e., a head) of the housing 2. The 
small-diameter portion 21 has an inner diameter D4 which 
is smaller than that of the rest of the housing 2. 
0049. The ground electrode 5 is placed on a front end 
surface 211 of the small-diameter portion 21. The ground 
electrode 5 has an inner peripheral surface 51 facing an outer 
peripheral surface 41 of the center electrode 4. The ground 
electrode 5 preferably has a front end surface 53 located 
outside a front end surface 43 of the center electrode 4 in an 
axial direction of the spark plug 1. The ground electrode 5 
has an outer diameter D1 which is smaller than an outer 
diameter D0 of a front end Surface 211 of the Small-diameter 
portion 21. 
0050. The front end surface 211 of the small-diameter 
portion 21, as illustrated in FIGS. 4 to 6, faces a base end 
surface 52 of the ground electrode 5 through an annular 
boundary 12. The annular boundary 12 has an annular region 
which occupies a portion of a width thereof and fully 
extends in a circumferential direction thereof and in which 
an annular weld 13 is formed which establishes a mechani 
cal joint between the housing 2 and the ground electrode 5. 
The annular weld 13 continuously extends in the circum 
ferential direction of the annular boundary 12. 
0051. The spark plug 1 is used as an igniter in internal 
combustion engines mounted in, for example, automotive 
vehicles or cogeneration systems. In the following discus 
Sion, when the spark plug 1 is installed in the internal 
combustion engine, a portion of the spark plug 1 exposed to 
a combustion chamber of the internal combustion engine 
will also be referred to as a front end or a front end side, 
while a portion of the spark plug 1 furthest away from the 
front end will also be referred to as a base end or a base end 
side. A plug axial direction, a plug radial direction, and a 
plug circumferential direction, as referred to herein, are a 
lengthwise direction, a radial direction, and a circumferen 
tial direction of the spark plug 1, respectively. 
0052. The center electrode 4 of this embodiment is, as 
can be seen in FIGS. 1 and 3, of substantially a cylindrical 
shape and arranged coaxially with the cylindrical housing 2. 
the cylindrical porcelain insulator 3, and the cylindrical 
ground electrode 5. The annular weld 13 is, as can be seen 
in FIGS. 5 and 6, shaped to extend coaxially with the ground 
electrode 5, in other words, have the same center as that of 
the ground electrode 5. 
0053. The annular weld 13, as described above in FIGS. 
4 to 6, lies on the annular region of the annular boundary 12 
through which the base end surface 52 of the ground 
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electrode 5 faces the front end surface 211 of the small 
diameter portion 21 of the housing 2. The annular weld 13 
has an inner circumferential edge 132 located outside the 
inner circumferential edge 212 of the front end surface 211 
of the small-diameter portion 21. The annular weld 13 has an 
outer circumferential edge 131 located inside the outer 
circumferential edge 521 of the base end surface 52 of the 
ground electrode 5. 
0054 The annular weld 13 is shaped to extend from the 
front end surface 211 of the small-diameter portion 21 into 
the ground electrode 5. Specifically, the annular weld 13 is 
embedded deeply from the base end surface 52 of the ground 
electrode 5. 
0055. The front end surface 211 of the housing 2, as 
illustrated in FIGS. 7 and 8, has an annular protrusion 130 
formed thereon. The front end surface 211 is flat except the 
annular protrusion 130 and extends perpendicular to the plug 
axial direction. In the following discussion, the front end 
surface 211 of the small-diameter portion 21 of the housing 
2 represents a front end Surface (i.e., an uppermost Surface 
in FIG. 8) of the housing 2 in the plug axial direction except 
for the annular protrusion 130. The ground electrode 5, as 
can be seen in FIG. 10(B), has the base end surface 52 and 
the front end surface 53 which are opposed to each other 
through a thickness thereof and both flat. The base end 
surface 52 of the ground electrode 5 and the front end 
surface 211 of the small-diameter portion 21 of the housing 
2 are placed in face-to-face contact with each other and 
welded together. 
0056. The housing 2, as illustrated in FIGS. 1 and 2, has 
an attachment Screw 22 for mounting the spark plug 1 in the 
internal combustion engine and is made of for example, 
Fe-based alloy. 
0057 The porcelain insulator 3 has an outer shoulder 31 
formed on an outer periphery thereof. The housing 2 has an 
inner shoulder formed on an inner periphery thereof. The 
porcelain insulator 3 is retained in the housing 2 with the 
outer shoulder 31 seated on the inner shoulder 23 of the 
housing 2 in the plug axial direction. An annular gasket (also 
called packing) 11 is interposed between the outer shoulder 
31 of the porcelain insulator 3 and the inner shoulder 23 of 
the housing 2. 
0058. The ground electrode 5, as illustrated in FIGS. 
10(A) and 10(B), includes an annular main electrode body 
54 and a noble metal layer 55 formed on an inner peripheral 
surface of the . main electrode body 54. The main electrode 
body 54 is made of for example, Ni-based alloy. The noble 
metal layer 55 is made of, for example, platinum (Pt) or 
Iridium (Ir) or alloy thereof. The noble metal layer 55 is 
diffusion-bonded to the main electrode body 54. The noble 
metal layer 55 has a thickness of for example, 0.1 mm to 0.5 
mm. The ground electrode 5 is, as described above, made up 
of two parts: the main electrode body 54 and the noble metal 
layer 55 in order to enhance the wear-resistance of the 
ground electrode 5 to increase the service life of the spark 
plug 1. 
0059. The joining of the ground electrode 5 to the front 
end surface 211 of the small-diameter portion 21 is achieved 
by resistance welding. Before the ground electrode 5 is 
welded to the front end surface 211, the annular protrusion 
130, as clearly illustrated in FIGS. 7 to 9, lies on the front 
end surface 211 of the small-diameter portion 21 of the 
housing 2 and continuously extends in a complete circle in 
the circumferential direction of the small-diameter portion 
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21. The annular protrusion 130, as illustrated in FIG. 9, has 
a width W1 in the plug radial direction which is, as illus 
trated in FIG. 5, smaller than the width W2 of the annular 
boundary 12 in the plug radial direction. 
0060. The spark plug 1 is produced in a sequence of 
assembling steps and a joining step, as described below. 
0061 The assembling steps are, as illustrated in FIG. 8, 
steps to prepare an assembly of the porcelain insulator 3 and 
the center electrode 4 and then install the assembly inside the 
housing 2 so as to have the center electrode 4 inserted into 
the inner periphery of the small-diameter portion 21. The 
joining step is, as illustrated in FIGS. 11 and 4, a step to 
connect the ground electrode 5 to the small-diameter portion 
21 of the housing 2. 
0062 Specifically, in the joining step, the annular pro 
trusion 130 is, as illustrated in FIG. 11(A), first placed in 
contact with the base end surface 52 of the ground electrode 
5. The spark gap between the ground electrode 5 and the 
center electrode 4 is regulated. Specifically, after the assem 
bling steps are performed, but before the ground electrode 5 
is resistance-welded to the small-diameter portion 21, the 
position of the ground electrode 5 relative to the housing 2 
is adjusted to set the spark gap between the ground electrode 
5 and the center electrode 4. Subsequently, the ground 
electrode 5 is resistance-welded to the small-diameter por 
tion 21. 
0063 More specifically, the ground electrode 5 which is, 
as can be seen in FIGS. 10(A) and 10(B), of an annular shape 
is put on the front end surface 211 of the Small-diameter 
portion 21 of the housing 2 so as to have the center electrode 
4 placed inside the ground electrode 5. The ground electrode 
5 is slid on the front end surface 211 of the housing 2 in the 
radial direction thereof to regulate the position thereof 
relative to the center electrode 4 and located in place. 
Specifically, the Spark gap between the outer peripheral 
surface 41 of the center electrode 4 and the inner peripheral 
surface 51 of the ground electrode 5 is set to a desired 
distance. In other words, the ground electrode 5 is moved 
and located so as to equalize the spark gap between entire 
circumferences of the outer peripheral surface 41 of the 
center electrode 4 and the inner peripheral surface 51 of the 
ground electrode 5. 
0064. The ground electrode 5 is located correctly in the 
above way. The annular protrusion 130 of the housing 2 is, 
as illustrated in FIG. 11(A), placed in contact with the 
ground electrode 5 to weld the ground electrode 5 to the 
housing 2. The welding is made between the base end 
surface 52 of the ground electrode 5 and the annular pro 
trusion 130 on the front end surface 211 of the housing 2 
over the entire circumference of the annular protrusion 130. 
0065. When the annular protrusion 130 is placed in 
contact with the base end surface 52 of the ground electrode 
5, the inner circumferential edge of the annular protrusion 
130 is, as can be seen in FIG. 11(A), located outside the 
inner circumferential edge 212 of the front end surface 211 
of the small-diameter portion 21, while the outer circum 
ferential edge of the annular protrusion 130 is located inside 
the outer circumferential edge 521 of the base end surface 52 
of the ground electrode 5. The annular protrusion 130 is in 
contact with the base end surface 52 of the main electrode 
body 54 of the ground electrode 5. 
0066. The current is applied between the housing 2 and 
the ground electrode 5 with the annular protrusion 130 
pressed in contact with the ground electrode 5. This pro 
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duces heat between the annular protrusion 130 and the base 
end surface 52 of the ground electrode 5 to resistance-weld 
the housing 2 and the ground electrode 5 to each other. The 
mechanical contact between the housing 2 and the ground 
electrode 5 is achieved only between the annular protrusion 
130 and the ground electrode 5. In other words, before 
welding, the housing 2 and the ground electrode 5 do not 
contact with each other on an area of the annular boundary 
12 other than the annular protrusion 130. In the resistance 
welding, the current, thus, flows only through a narrow 
annular area of contact between the annular protrusion 130 
of the housing 2 and the ground electrode 5, thus resulting 
in an uniform increase in current density on the contact of 
the annular protrusion 130 and the ground electrode 5, which 
achieves uniform welding on the whole of the contact. 
0067. The annular protrusion 130 is, as demonstrated in 
FIGS. 11(A), 11(B), and 11(C), gradually melted and mixed 
with the base end surface 52 of the ground electrode 5 to 
complete the weld of the annular protrusion 130 and the 
ground electrode 5. 
0068. In the case where the housing 2 is, as described 
above, made of Fe-based alloy, and the ground electrode 5 
is made of Ni-based alloy, the ground electrode 5 mainly is 
melted by the resistance heat because the Ni-based alloy is 
low in melting point. This causes the annular protrusion 130 
of the housing 2 to bite into and then be welded to the base 
end surface 52 of the ground electrode 5 to make the annular 
weld 13. 

0069. When the front end surface 211 of the small 
diameter portion 21 of the housing 2 and the base end 
surface 52 of the ground electrode 5 fully contact each other, 
an area of the contact will be, as illustrated in FIG. 11(C), 
maximized, so that the current density will be small, thus 
completing the resistance welding. 
0070 The annular protrusion 130, as demonstrated in 
FIGS. 5 and 6, becomes the annular weld 13 which joints the 
housing 2 and the ground electrode 5 to each other and 
continuously and fully extends in a circumferential direction 
of the housing 2 (i.e., the ground electrode 5). Note that FIG. 
5 emphasizes the configuration of the annular weld 13 
embedded in the ground electrode 5 for the ease of visibility 
thereof. Actually, after the housing 2 and the ground elec 
trode 5 are welded together, the annular weld 13 will be 
substantially in the form illustrated in FIG. 11(C). 
(0071. The annular protrusion 130 has the width W1 in the 
plug radial direction which is selected to ensure the stability 
of the resistance welding and, for example, 0.1 mm to 1.0 
mm. The height of the annular protrusion 130 in the plug 
axial direction is also selected to ensure the stability of the 
resistance welding and is, for example, 0.2 mm to 0.8 mm. 
In such a case, the annular weld 13 has a width of 0.1 mm 
to 1.0 mm in the plus radial direction and a height of 0.2 mm 
to 0.8 mm in the plug axial direction in this embodiment. 
0072 FIG. 11(A) demonstrates the annular protrusion 
130 which has a rectangular section, as taken perpendicular 
to the plug circumferential direction, but however, it may be 
designed to have another shape. For instance, the annular 
protrusion 130 may be formed to have a shape illustrated in 
any of FIGS. 12(A) to 12(D). Specifically, the annular 
protrusion 130 may have a parallelogram transverse section 
of FIG. 12(B), a triangular transverse section of FIG. 12(C), 
or a trapezoidal transverse section of FIG. 12(D). The 
annular protrusion 130 may have any shape as long as it 
occupies an annular portion of a width of the front end 
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surface 211 of the small-diameter portion 21 of the housing 
2 at the annular boundary 12 in order to equalize the 
distribution of welding current to the annular protrusion 130 
at the initial stage of the welding. 
0073. In the case where the annular protrusion 130 has 
the triangular transverse section, as illustrated in FIGS. 
13(A) to 13(C), the current density will be high at the initial 
stage of the resistance welding and then decrease with the 
melting of the annular protrusion 130. This enhances the 
stability in forming the annular weld 13 continuously in the 
circumferential direction of the ground electrode 5 and the 
housing 2. The same is true of the trapezoidal transverse 
section of FIG. 12(D). 
0074. In the case where the housing 2 is made of Fe 
based alloy, and the ground electrode 5 (i.e., the main 
electrode body 54) is made of Ni-based alloy, the annular 
weld 13 will be produced by the annular protrusion 130 
biting into the base end surface 52 of the ground electrode 
5, thereby increasing the mechanical strength of the annular 
weld 13. 
0075. The spark plug 1 of this embodiment is, as apparent 
from the above discussion, designed to have the annular 
weld 13 which occupies an annular portion of a width of the 
front end surface 211 of the small-diameter portion 21 of the 
housing 2 on the annular boundary 12 and fully and con 
tinuously extends in the circumferential direction of the 
front end surface 211. In other words, the annular protrusion 
130 which has the small width W1 is formed continuously 
on the front end surface 211 of the small-diameter portion 21 
of the housing 2 and fully extends in the circumferential 
direction of the housing 2, thereby ensuring the stability in 
welding the ground electrode 5 to the small-diameter portion 
21. 
0076 Specifically, the joining step to resistance-weld the 
ground electrode 5 to the small-diameter portion 21 of the 
housing 2 is achievable only by placing the annular protru 
sion 130 in contact with the base end surface 52 of the 
ground electrode 5. The resistance-welding is, therefore, 
made only at a circumferentially extending portion of the 
width of the annular boundary 12, not the whole of the 
annular boundary 12 where the small-diameter portion 21 
and the ground electrode 5 face each other, thereby facili 
tating ease with which the entire circumference of the 
ground electrode 5 is continuously welded to the small 
diameter portion 21 to ensure the Stability in joining the 
ground electrode 5 to the small-diameter portion 21, that is, 
in positioning the center electrode 4 and the ground elec 
trode 5 relative to each other to obtain a desired size of the 
spark gap. 
0077. If the small-diameter portion 21 of the housing 2 
and the ground electrode 5 are placed in contact with each 
other on the whole of the annular boundary 12 and fully 
welded together, there is a concern about the instability in 
the resistance-welding. Specifically, when the housing 2 and 
the ground electrode 5 are resistance-welded on the whole of 
the annular boundary 12, it may result in a variation in ease 
of flow of electrical current over the annular boundary 12 
due to a variation in degree to which the housing 2 and the 
ground electrode 5 are melted on the annular boundary 12, 
which leads in the worst case to a partial failure of the 
welding on the annular boundary 12 
0078. Additionally, if a large current locally flows to weld 
the housing 2 and the ground electrode 5 on the annular 
boundary 12, it may cause a portion of the Small-diameter 
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portion 21 through which the large current flows to buckle, 
which results in decreased accuracy of adjustment of the 
spark gap between the ground electrode 5 and the center 
electrode 4. 

007.9 The spark plug 1 of this embodiment is, however, 
designed to have the narrow annular protrusion 130 which is 
formed on the front end surface 211 of the housing 2 and 
placed in contact with the ground electrode 5 when the 
ground electrode 5 is welded to the housing 2. This facili 
tates ease of making a physical contact of the entire circum 
ference of the ground electrode 5 with the housing 2, thereby 
ensuring the stability in flow of the current through such a 
contact during the resistance-welding to make the annular 
weld 13 which continuously and fully extends in the cir 
cumferential direction of the ground electrode 5. 
0080. This embodiment, as apparent from the above 
discussion, provides the spark plug 1 for internal combus 
tion engines which has an increased service life, required 
ability to ignite fuel in internal combustion engines, and an 
improved structure in which it is easy to adjust the spark gap 
between the ground electrode 5 and the center electrode 4 
and a production method of the spark plug 1. 

Second Embodiment 

I0081 FIGS. 14(A) and 14(B) illustrate the second 
embodiment in which the annular protrusion 130 is formed 
on the base end surface 52 of the ground electrode 5. 
0082 In the joining step, the annular protrusion 130 of 
the ground electrode 5 is placed in contact with the front end 
surface 211 of the small-diameter portion 21 of the housing 
2. The ground electrode 5 is then resistance-welded to the 
Small-diameter portion 21. 
0083. Although not illustrated, the small-diameter por 
tion 21 of the housing 2 has no annular protrusion. The front 
end surface 211 of the housing 2 is even or flat. 
0084. In the joining step to resistance-weld the ground 
electrode 5 to the housing 2, the current flow concentrates on 
the contact between the annular protrusion 130 of the ground 
electrode 5 and the front end surface 211 of the housing 2. 
thereby causing the annular protrusion 130 of the ground 
electrode 5 which is made of Ni-based alloy mainly to be 
melted and joined to the front end surface 211 of the housing 
2 which is made of Fe-based alloy. This forms the annular 
weld 13 on a portion of the annular boundary 12 through 
which the front end surface 211 of the small-diameter 
portion 21 of the housing 2 faces the ground electrode 5. 
0085. Other arrangements are identical with those in the 

first embodiment. The structure of the spark plug 1 of this 
embodiment provides substantially the same beneficial 
advantages as in the first embodiment. 
I0086. In the second and following embodiments, the 
same reference numbers as those in the first embodiment 
will refer to the same parts unless otherwise specified, and 
explanation thereof in detail is omitted. 

Third Embodiment 

I0087 FIG. 15 shows the spark plug 1 of the third 
embodiment which has the material-mixed portion 14 (also 
called a weld nugget) that is a mixture of molten materials 
of the ground electrode 5 and the housing 2 and extends 
from an outer peripheral edge of the ground electrode 5 into 
the small-diameter portion 21 of the housing 2 through the 
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annular boundary 12. The annular weld 13 is formed inside 
the material-mixed portion 14. 
I0088 Specifically, in the spark plug 1 of this embodi 
ment, the ground electrode 5 is joined to the front end 
Surface 211 of the housing 2 using resistance welding and 
laser welding. More specifically, the annular weld 13 is 
formed by the resistance welding, while the material-mixed 
portion 14 is formed by the laser welding. The ground 
electrode 5 is joined to the housing 2 through the annular 
weld 13 and the material-mixed portion 14. 
I0089. The joining step in the production method of the 
spark plug 1 includes a resistance welding step to perform 
the resistance welding in the same way as described above 
and a laser welding step to laser-weld the ground electrode 
5 to the small-diameter portion 21 of the housing 2. The laser 
welding step is made following the resistance welding step 
in which the spark gap is adjusted. The laser welding is made 
by irradiating a laser beam to the annular boundary 12 (i.e., 
an interface between the ground electrode 5 and the small 
diameter portion 21) from outside the outer periphery of the 
ground electrode 5. 
0090 The laser welding may be done continuously 
around the complete circumference of the ground electrode 
5 by using, for example, a CW (continuous wave) laser 
welding technique. The laser welding may alternatively be 
made on a portion(s) of the circumference of the ground 
electrode 5. For example, laser pulses may be emitted to a 
plurality of points on the circumference of the ground 
electrode 5 to make a plurality of material-mixed portions 
14. 

0091. By the laser welding as described above, the mate 
rial-mixed portion 14 is formed which extends from the 
outer peripheral edge of the ground electrode 5 facing the 
Small-diameter portion 21 into the Small-diameter portion 
21. The material-mixed portion 14 is, as described above, 
made by a mixture of material (i.e., Ni-based alloy) of the 
ground electrode 5 and material (i.e., Fe-based alloy) of the 
housing 2, that is, formed in a way in which the Ni-based 
alloy of the ground electrode 5 and the Fe-based alloy of the 
housing 2 are melted and then solidified 
0092. The material-mixed portion 14 is located outside 
the annular weld 13 in the radial direction of the housing 2. 
In the laser welding step, a laser beam is emitted so as not 
to melt the annular weld 13 made in the resistance welding 
step. This eliminates a risk that the ground electrode 5 which 
is accurately positioned on the housing 2 in the resistance 
welding step is undesirably moved relative to the housing 2 
in the laser welding step. The strength of the resistance 
welding may be selected only to make a temporary joint(s) 
of the ground electrode 5 to the housing 2. The temporary 
joint may be formed by using a low electrical current to 
achieve a decreased amount of molten material of the 
annular protrusion 130. This enhances the accuracy in 
adjusting the spark gap between the ground electrode 5 and 
the center electrode 4 and also reduces a variation in the 
spark gap. 
0093. This embodiment is, as apparent from the above 
discussion, capable of positioning the ground electrode 5 to 
a desired location on the housing 2 and ensures the stability 
in joining the ground electrode 5 to the housing 2 through 
the annular weld 13 and the material-mixed portion 14. 
0094. Other arrangements are identical with those in the 

first embodiment. The structure of the spark plug 1 of this 
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embodiment provides substantially the same beneficial 
advantages as in the first embodiment. 
0095 While the present invention has been disclosed in 
terms of the preferred embodiments in order to facilitate 
better understanding thereof, it should be appreciated that 
the invention can be embodied in various ways without 
departing from the principle of the invention. Therefore, the 
invention should be understood to include all possible 
embodiments and modifications to the shown embodiments 
which can be embodied without departing from the principle 
of the invention as set forth in the appended claims. 
0096. The housing 2 is, as described above, made of 
Fe-based alloy, while the ground electrode 5 is made of 
Ni-based alloy, however, they may be made of another kind 
of material. 
0097. In the above embodiments, the annular weld 13 is 
embedded from the front end surface 211 of the small 
diameter portion 21 into the ground electrode 5, but how 
ever, may be shaped to be embedded from the base end 
surface 52 of the ground electrode 5 into the small-diameter 
portion 21. In other words, the annular protrusion 130 of the 
ground electrode 5 may be shaped so as to bite into the 
Small-diameter portion 21 of the housing 2 depending upon 
the kind of material of the housing 2 and/or the ground 
electrode 5. 
What is claimed is: 
1. A spark plug for an internal combustion engine com 

prising: 
a cylindrical housing: 
a cylindrical porcelain insulator which is retained inside 

the housing: 
a center electrode which is retained inside the porcelain 

insulator and has a head extending outside a front end 
of the porcelain insulator, and 

an annular ground electrode which is secured to a front 
end of the housing, 

wherein the housing has a small-diameter portion formed 
on the front end thereof, the small-diameter portion 
having an inner diameter which is Smaller than that of 
a rest of the housing, 

wherein the ground electrode protrudes from a front end 
Surface of the Small-diameter portion and has an inner 
peripheral Surface facing an outer peripheral Surface of 
the center electrode, 

wherein the ground electrode has an outer diameter which 
is smaller than an outer diameter of the front end 
Surface of the Small-diameter portion, and 

wherein an annular boundary through which the front end 
Surface of the Small-diameter portion and a base end 
Surface of the ground electrode face each other has an 
annular region which occupies a portion of a width 
thereof and fully extends in a circumferential direction 
thereof and in which an annular weld is formed which 
establishes a joint between the housing and the ground 
electrode, the annular weld continuously extending in a 
circumferential direction of the annular region. 

2. A spark plug as set forth in claim 1, wherein the annular 
weld has an inner circumferential edge located outside an 
inner circumferential edge of the front end surface of the 
Small-diameter portion, the annular weld also having an 
outer circumferential edge located inside of the base end 
Surface of the ground electrode. 

3. A spark plug as set forth in claim 1, wherein the annular 
weld is shaped to be embedded from the front end surface of 
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the small-diameter portion into the ground electrode or from 
the base end surface of the ground electrode into the 
Small-diameter portion. 

4. A spark plug as set forth in claim3, wherein the annular 
weld is shaped so as to bite from the front end surface of the 
Small-diameter portion into the ground electrode. 

5. A spark plug as set forth in claim 1, further comprising 
a material-mixed portion that is a mixture of molten mate 
rials of the ground electrode and the housing and extends 
from an outer peripheral edge of the ground electrode into 
the Small-diameter portion of the housing through the annu 
lar boundary, the annular weld being formed inside the 
material-mixed portion. 

6. A production method of a spark plug for an internal 
combustion engine which comprises: a cylindrical housing: 
a cylindrical porcelain insulator which is retained inside the 
housing; a center electrode which is retained inside the 
porcelain insulator and has a head extending outside a front 
end of the porcelain insulator; and an annular ground 
electrode which is secured to a front end of the housing, 
wherein the housing has a small-diameter portion formed on 
the front end thereof, the Small-diameter portion having an 
inner diameter which is smaller than that of a rest of the 
housing, wherein the ground electrode protrudes from a 
front end Surface of the Small-diameter portion and has an 
inner peripheral Surface facing an outer peripheral Surface of 
the center electrode, and wherein the ground electrode has 
an outer diameter which is smaller than an outer diameter of 
the front end surface of the small-diameter portion, the 
production method comprising: 

preparing the housing having an annular protrusion which 
is formed on the front end surface of the small-diameter 
portion and continuously and fully extends in a cir 
cumferential direction of the small-diameter portion or 
the ground electrode having an annular protrusion 
which is formed on a base end surface of the ground 
electrode and continuously and fully extends in a 
circumferential direction of the base end surface, the 
annular protrusion having a width in a radial direction 
of the spark plug, the width being Smaller than a width 
of an annular boundary in the radial direction of the 
plug, the annular boundary being a boundary through 
which the front end surface of the small-diameter 
portion and the base end Surface of the ground elec 
trode face each other; 

an assembling step to prepare an assembly of the porce 
lain insulator and the center electrode and then install 
the assembly inside the housing so as to have the center 
electrode inserted into an inner periphery of the small 
diameter portion; and 

a joining step which is performed following the assem 
bling step, the joining step placing the annular protru 
sion in contact with the base end Surface of the ground 
electrode or the front end surface of the small-diameter 
portion and then performing resistance welding to join 
the ground electrode to the Small-diameter portion. 

7. A spark plug as set forth in claim 6, wherein when the 
annular protrusion is placed in contact with the base end 
surface of the ground electrode or the front end surface of 
the Small-diameter portion in the joining step, an inner 
circumferential edge of the annular protrusion is located 
outside an inner circumferential edge of the front end 
Surface of the Small-diameter portion, and an outer circum 
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ferential edge of the annular protrusion is located inside an 
outer circumferential edge of the base end surface of the 
ground electrode. 

8. A spark plug as set forth in claim 6, wherein the annular 
protrusion is formed on the front end surface of the small 
diameter portion, and wherein the joining step is to place the 
annular protrusion in contact with the base end Surface of the 
ground electrode and then resistance-weld the ground elec 
trode to the small-diameter portion. 

9. A spark plug as set forth in claim 6, wherein the annular 
protrusion is formed on the base end Surface of the ground 
electrode, and wherein the joining step is to place the 
annular protrusion in contact with the front end Surface of 
the small-diameter portion and then resistance-weld the 
ground electrode to the Small-diameter portion. 

10. A spark plug as set forth in claim 6, wherein the 
joining step includes a resistance welding step to perform 
said resistance welding and a laser welding step which is 
performed following the resistance welding step, that irra 
diates a laser beam to the annular boundary from outside an 
outer periphery of the ground electrode to laser-weld the 
ground electrode to the housing. 

k k k k k 
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